The therapeutic use of corticosteroids has long been associated with ocular side effects such as the development of cataracts, glaucoma, and retinal and choroidal emboli. This study was conducted to assess ocular disorders, which may occur in workers engaged in manufacturing corticosteroids in the pharmaceutical industry. The study population included 58 workers involved in the manufacturing of corticosteroid preparations. They were subdivided according to duration of exposure into 2 groups: Gr. I of <15 years duration of employment and Gr. II of 15 + years duration of employment. Methods included answering a structured questionnaire enquiring about occupational and medical histories, full ocular and clinical examination, and measurement of certain biochemical parameters, such as plasma cortisol, serum total cholesterol, serum triglycerides, fasting blood sugar and serum calcium. Results showed that 25 cataracts were diagnosed in the studied group with a rate of 21.55 per one hundred eyes. Of Gr.II, 43.75% of eyes had cataracts compared to 5.88% of Gr.I. Odds ratio to develop cataracts was 12.44 for Gr. II compared to Gr.I. Ocular hypertension and open-angle glaucoma were present in 25.00% of the eyes of the studied groups with odds of 5.83 times more when being employed for 15 or more years. Significant +ve correlation was found between intraocular pressure and relevant biochemical parameters. In the present study, a clear relationship was detected between the length of the period of exposure to corticosteroids as environmental pollutants and the development of ocular medical disorders such as cataracts, ocular hypertension and glaucoma. Further research work is needed to study the effects of exposure to corticosteroids as pollutants in the work environment, gaining access into body via unusual routes of entry, and for periods of time not reported in the therapeutic literature.
Introduction
Corticosteroids are widely prescribed in everyday medical practice for the therapy of a vast array of systemic and organ disorders. The risk of occurrence of side effects due to the therapeutic use of corticosteroids is proportional to the dosage and duration of therapy. Topical, oral, and intravenous corticosteroids have long been associated with ocular side effects as the development of cataracts, glaucoma, and retinal and choroidal emboli. Data reported by Carnahan and Goldstein [1] suggested that inhaled corticosteroids were associated with the development of cataracts and increased intraocular pressure (IOP). Haimovici et al. [6] claimed that central serous chorioretinopathy may be associated with inhaled or intranasal corticosteroids. Mitchel et al. [9] found an association between ever use of inhaled corticosteroids and a finding of elevated IOP or glaucoma in subjects with glaucoma family history.
The widespread use of corticosteroids as therapeutics necessitates that the pharmaceutical industries manufacture them in quantities and in preparations that parallel the increasing market demands. Workers involved in the manufacturing processes are inevitably exposed to corticosteroids for periods of time and in concentrations which may mimic long term therapeutic use. Routes of entry of corticosteroids as environmental pollutants may include inhalation of respirable dust suspended in the work atmosphere and absorption through respiratory mucus membrane into blood, direct ocular absorption of soluble dust deposited on conjunctival mucosae, ingestion of dust while eating or smoking with contaminated hands at the workplace, and skin absorption of traces of ointments or creams which may be deposited on the uncovered skin. Cumulative exposure to such an environmental pollutant may lead to long-term consequences on the health of the susceptible individuals. Few, if any studies, discussed ocular and other complications resulting from daily exposure to corticosteroids as environmental contaminants in industry. So, the objective of the present work was to examine the association between the period of occupational exposure to corticosteroids as pollutants in a manufacturing plant and the possible development of ocular and other complications among the exposed workers.
Subjects and methods

The study population
The study population included 58 workers involved in the manufacturing of corticosteroid preparations in the pharmaceutical industries. Both male and female workers were included in the study. No age or duration of employment was exempt. None of the workers reported any of the systemic diseases or local conditions necessitating prolonged use of corticosteroids as therapeutics. The studied workers were grouped into 2 groups: Gr.I of (<15) years' duration of employment and Gr.II of (15 +) years' duration of employment.
Job and workplace description
The flowchart of the industrial process included the following sections: A-Storage of raw material which took place in a separate location away from the manufacturing process.
Raw materials were composed of powder of fluocortolone and difluocortolone. After weighing the desired amount, the powder was carried manually to the following sections. B-The preparation unit which included preparation of the following:
I-Ointments and creams:-by using the 'wet granulation method' by mixing about 10 kg of water with 100 gm of powder in open stainless steel pans 'mills' where mixing was done manually till a colloidal suspension was formed. Then the suspension was transferred into a stainless steel mixer which was operated for one hour. The resulting mixture was then emptied into tanks. Vaseline or paraffin was then added to get the desired texture. Mixing was done manually. The mixture was then emptied into 'hoover tubes' for automatic filling . II-Ampoules:-which involved heating of a mixture of water and powder in open containers followed by filling of ampoules and sealing using heat. Sterilization in autoclave then followed. C-The packaging and labeling of products then the despatching of final product.
The whole process was open with minimal enclosure, if any. The preparation unit was a room of 4 m X 6 m leading to a lengthy rectangular hall with partitions, of 15 m X 5 m in dimension. No exhaust ventilation was present. No protective equipment was used. Inhalation of dust and contact of dust with eyes or skin took place during the transport of raw material and the preparation of the products.
Workers rotated through various sections of production. They were equally exposed to the same pollutants in the work atmosphere.
Methods
Each participant in the study was subjected to: -Full medical and occupational history taking with emphasis on probable side effects of corticosteroids. -Ocular examination that included: -Full ophthalmological examination. -IOP measurement in mm Hg by applanation tonometry. -Assessment of visual fields with automated perimetry ( Humphrey 76 point suprathreshold screening test). Glaucoma was diagnosed by the finding of matching optic disc cupping and disc rim thinning (cup-disc ratio ≥ 0.7 or cupdisc asymmetry ≥ 0.3) plus characteristic visual field defects on automated perimetry. -Biochemical parameters measurement which included: Plasma cortisol measured by radioimmunoassay, Serum total cholesterol, Serum triglycerides, Fasting blood sugar and Serum calcium. -Statistical analysis of data was performed using SPSS package version 10.00 and EPI info package version 6.00.
Results
The mean age of the whole group was found to be 38.00 ± 11.97 years. Females had a mean age of 42.62 ± 11.65 years, while males had a mean age 32.30 ± 9.86 years. The age difference between females and males was statistically significant. All age groups were represented in the studied group with age ranging from 19 years up to 58 years. Mean duration of employment for the whole group was 15.65 ± 13.06 years, ranging from 0.5 years up to 38 years. Females had a mean duration of employment of 20.43 ± 14.60 years. While for males, the mean was 9.76 ± 7.70 years. The difference was statistically significant. Fifty six point twenty five per cent of females were employed for 25 years or more, compared to 7.69 per cent of males. All duration of employment groups were represented in the studied group. Twenty five cataracts were diagnosed in the studied group with a rate of 21.55 per one hundred eyes. Of Gr.II, 43.75% of eyes had cataracts compared to 5.88% of Gr.I. The Odds Ratio which is an estimate of the relative risk for eyes to acquire cataracts when being employed for 15 years or more in the manufacturing of corticosteroids was 12.44 times more than the risk when being employed for less than 15 years, i.e., the probability to develop cataracts when being employed for 15 years or more was 12 times more than the probability to develop it when being employed for <15 years. Ocular hypertension and open angle glaucoma were present in 25.00% of eyes of the studied groups with odds of 5.83 times more when being employed for 15 + years. The two groups differed significantly in the mean values of the biochemical parameters with Gr.II showing higher values than Gr.I. The mean plasma cortisol for the whole group was 14.33 ± 1.73 ug/dL which is higher than the upper limit value of the normal range for this parameter. 0.491 ** ** Correlation is significant at P-value < 0.01 (2-tailed). * Correlation is significant at P-value < 0.05 (2-tailed).
Significant positive correlation was found between IOP of eyes of the exposed groups and relevant biochemical parameters, especially with plasma cortisol i.e., IOP increases with increase in plasma cortisol. Hypertension was prevalent in 41.37% of the studied groups, in 83.33% of Gr.II subjects and in 11.76% of Gr.I subjects with the difference being statistically significant. Diabetes Mellitus was present in 29.16% of Gr.II subjects. Hyperacidity was present in about 60% of either groups. Bone aches were reported by 83.33% of Gr.II, with a statistically significant difference compared to Gr.I. Recurrent headaches were complained of by half of Gr.I and one third of Gr.II. Table 8 (A) shows that cases of ocular hypertension and glaucoma among the exposed groups were older, with more years of employment, higher plasma cortisol and fasting blood sugar. Table 8 (B) shows that the distribution of age of cases included ages as young as 34 years, 45 years and 48 years. Meanwhile, no family history of glaucoma was reported by participants in the study. Table 9 (A) shows that cases of cataracts differed from other subjects in age, duration of employment, plasma cortisol and fasting blood sugar. Age of cataract cases started from 34 years onwards which is considered unusually young for cataracts to develop.
Discussion
In the present study, a clear relationship was detected between the length of the period of exposure to corticosteroids as environmental pollutants and the development of ocular medical disorders such as cataracts, ocular hypertension and open-angle glaucoma. The prevalence of these ocular disorders among the exposed groups exceeded that among the general population and the patients using corticosteroids as therapeutics (Khan et al. [7] , Leske et al. [8] and Carnahan and Goldstein [1] ).
The occupational exposure to corticosteroids as air pollutants may mimic the therapeutic use of inhalants and nasal preparations, with limitations. Also, direct ocular exposure to dust containing corticosteroids may mimic the therapeutic use of ophthalmic preparations. The prevalence of cataracts in the present study was 21.55% and it affected workers as young as 34 years. True prevalence of cataracts among the general population is obscure. The Framingham Eye study reported a prevalence of cataracts of 18% among persons older than 65 years of age. The prevalence of cataracts among the adult population of both sexes of the outpatient clinics and the inpatients of the Memorial ophthalmology Institute of MOHP at Giza was calculated to be 4.74% in a 6-month period. The prevalence of cataracts among the studied groups can be attributed to the excess exposure to corticosteroids as environmental pollutants in their work atmosphere as evidenced by the higher plasma cortisol in their sera. The use of corticosteroids by nasal spray and inhalation has been associated with the development of posterior subcapsular cataracts as reported by Fraunfelder and Meyer [4] . Garbe et al. [5] similarly concluded that prolonged administration of high doses of inhaled corticosteroids increases the likelihood of undergoing cataract extraction in elderly patients. They found out that the odds ratio for cataract extraction in patients with prolonged cumulative exposure to inhaled corticosteroids compared with non-users was 3.40. Other risk factors may have been operating as well, like exposure to ultraviolet rays and diabetes mellitus. Risk factors together with the occupational exposure to corticosteroids pollutants were mostly responsible for the development of cataracts in the susceptible 20% of workers and at an earlier age than noticed among the general population as observed by Khan et al. [7] , West [13] , and Leske et al. [8] .
The ocular hypertensive response to intravenous, oral, topical dermatologic, topical ocular, and periocular corticosteroids has been well established by investigators since the 1960s (Dryer [3] and Opatowsky et al. [11] ). Increased IOP and odds of developing glaucoma in the studied groups signify that corticosteroids as pollutants in the work atmosphere reach ocular structures in levels sufficient to provoke an ocular hypertensive response in susceptible individuals.
Systemic absorption of 50% or more of steroids administered by nasal spray has been documented by the United States Pharmacopeial Convention [12] . Studies have shown that 90% of aerosol deposition is present in the oropharyngeal, mucosa where the drug could be systemically absorbed as reported by Davies [2] and Newman et al. [10] . Other possible routes of entry and absorption include droplet deposition on the ocular surface, ingestion with absorption from the gastrointestinal tract or inhalation of the nasal spray. The same pattern of routes of entry can be extrapolated to the occupational exposure to corticosteroid dust as an environmental pollutant in the work atmosphere. In therapy, the side effects of absorbed corticosteroids may depend on the type of the drug administered. At the workplace, corticosteroid dust may represent a combination of more than one type of corticosteroids which may produce more intense adverse effects than those expected to result from therapy. Of course, environmental industrial hygiene measures, if applied, can moderate such effects.
The prevalence of ocular hypertension and glaucoma in the present study mounted to 25.00% of the studied groups. Compared to rates from a study by Mitchell et al. [9] to investigate the association between ever use of inhaled corticosteroids and elevated IOP or glaucoma in subjects with a glaucoma family history, our present rates are much higher. Open-angle glaucoma is expected to affect 1 in 200 of the general population. In Mitchell's study, ocular hypertension affected 4.37% of patients while glaucoma affected 2.95% of them, with overall rate of 7.33%. So, the occupational exposure clearly resulted in prevalence rates of ocular hypertension and glaucoma which were much higher than rates in the general population or in patients on corticosteroids therapy.
Increased IOP induced by corticosteroids may occur due to diminished outflow facility as a result of increased hyaluronic acid content of endothelial lining cells due to the steroid induced change in lysosomal membrane of goniocytes in the meshwork (Opatowsky et al. [11] ). No family history was reported by any of the glaucoma cases in the present study. Failure to elicit positive family history may be due to lack of knowledge of the morbid condition among other family members or the presence of co-morbid medical disorders which masked the morbid condition leading to missed diagnosis and underreporting. However, lack of family history -if true -may signify that the occupational exposure to corticosteroids pollutants was intense and consistent enough to induce ocular hypertension and glaucoma irrespective of family history as a potent risk factor for this medical disorder as denoted by Mitchell et al. [9] . Other medical disorders which may be attributed to excess exposure to cortisone were more prevalent in the Group II of exposed workers as hypertension, diabetes mellitus, hyperacidity and headaches with an evident exposure gradient. These disorders, specifically diabetes mellitus, might have attributed to the occurrence of ocular manifestations among the exposed groups. Further research work is needed to study the effects of exposure to corticosteroids as pollutants in the work atmosphere, gaining access into body via multiple routes of entry, and for periods of time not reported in the therapeutic literature. Intervention strategies should be evaluated to minimize hazards and risks. Periodic full ocular examination of susceptible workers should be carried out for the early detection of medical disorders before irreversible complications set in.
